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Abstract

Background: latrogenic pneumothorax is common after thoracic procedures. For patients with pneumothorax
larger than 15%, simple aspiration is suggested. Although vacuum bottle plus non-tunneled catheter drainage has
been performed in many institutions, its safety and efficacy remain to be assessed.

Methods: Through this prospective cohort study (NCT03724721), we evaluated the safety and efficacy of vacuum
bottle plus non-tunneled catheter drainage. Patients older than 20 years old who developed post-procedural pneu-
mothorax were enrolled. A non-tunneled catheter was placed at the intersection of the midclavicular line and the sec-
ond intercostal space. A 3-way stopcock, a drainage set, and a digital pressure gauge were connected. The stopcock
was manipulated to connect the pleural space to the pressure gauge for measurement of end-expiration intrapleural
pressure or to the vacuum bottle for air drainage. The rate of successful drainage, the end-expiration intrapleural pres-
sure before, during, and after the procedure and the duration of hospitalization were recorded.

Results: From August 2018 to February 2020, 21 patients underwent vacuum bottle plus catheter drainage (inter-
vention group) and 31 patients received conservative treatment (control group). The end-expiration intrapleural
pressure of all patients remained less than — 20 cmH,O during drainage. No procedure related complication was
observed. Large pneumothorax (> 15%) was associated with higher risk of persistent air leak (Odds ratio 12, 95% Cl
1.2-569.7). Vacuum bottle assisted air drainage yielded shorter event-free duration than that of conservative treat-
ment (2 days vs 5 days [interquartile range 1-4 days vs 3-7 days], p <.05). Vacuum bottle assisted air drainage also
help identifying patients with persistent pneumothorax and necessitate the subsequent management. The event-free
duration of persistent air leak in the intervention group was also comparable with that of conservative treatment

(5 days vs 5 days [interquartile range 5-8 days vs 3-7 days], p= 45).

Conclusions: Vacuum bottle plus catheter drainage of iatrogenic pneumothorax is a safe and efficient procedure. It
may be considered as an alternative management of stable post-procedural pneumothorax with size larger than 15%.

Trial registration The study protocol was approved by the Research Ethics Committee of National Taiwan University
Hospital (No. 201805105DINA) on 6th August, 2018. The first participant was enrolled on 23rd August, 2018 after
Research Ethics Committee approval. This clinical trial complete registration at U.S. National Library of Medicine clini-
caltrials.gov with identifier NCT03724721 and URL: https://clinicaltrials.gov/ct2/show/NCT03724721 on 30th October,
2018.
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Introduction

Iatrogenic pneumothorax is a common complication
resulting from many pulmonary interventions. The
reported incidence of iatrogenic pneumothorax is as
follows: 0.8-1.4% in patients undergoing radial endo-
bronchial ultrasound-guided transbronchial lung biopsy,
approximately 2—6% among patients undergoing thora-
centesis, 0.6-9% in patients undergoing echo-guided
biopsy, and as high as 38% among patients undergoing
CT (computed tomography)-guided lung biopsy [1-8].
The British Thoracic Society guidelines in 2010 sug-
gested that observation alone is adequate for majority of
the cases of iatrogenic pneumothorax and that, if inter-
vention is required, simple aspiration be considered [9].
Several studies have reported that catheter aspiration for
iatrogenic pneumothorax is cost effective and with few
complications [10-12].

The introduction of thoracentesis to remove either fluid
or air through vacuum bottle drainage system can be
traced back to the 1950s and it had been widely adopted
in many clinical settings [13, 14]. Compared with manual
aspiration, vacuum bottle assisted thoracentesis requires
less time and allows uninterrupted drainage without
repeatedly manipulating 3-way stopcock. Although
this procedure had long been adopted by many medical
facilities in Taiwan, it has rarely been described in the
literature, especially data regarding its safety and effi-
cacy. To the best of our knowledge, only one pilot study
documented the complication rate of vacuum bottle fluid
drainage, which was 9.8% [14]. However, the study was
conducted at a single center where vacuum bottle drain-
age was not routinely employed. In addition, the flow
rate of fluid drainage, a key component when applying
negative pressure drainage system, was not reported in
the study. Further, data on air removal by vacuum bottle
drainage system were lacking. Thus, through the current
study, we aim to investigate the safety and efficacy of this
procedure to provide an evidence-based approach for
this routine clinical practice.

Methods

Study design and data collection

This prospective interventional study was conducted
in the general chest ward in National Taiwan Univer-
sity Hospital, a tertiary center in northern Taiwan, from
August 2018 to February 2020. We enrolled adult patients
who developed iatrogenic pneumothorax after undergo-
ing invasive thoracic procedures.

The inclusion criteria were patients with radiographic
evidence of pleural line after lung biopsy (echo-guided,
bronchoscopic, or CT-guided biopsy) and whose size of
pneumothorax was more than 15%, measured by Rhea’s
criteria [15]. The exclusion criteria were age younger than
20 years, bleeding tendency, and hemodynamic insta-
bility. Patients fulfilling the above criteria and agreed
to participate were prospectively enrolled for the safety
analysis.

In this institute, patients with size of iatrogenic pneu-
mothorax less than 15% would receive conservative treat-
ment, namely oxygenation therapy and image monitoring
first. If the size of pneumothorax enlarged or hemody-
namic instability occurred, further intervention would
be proceeded. The approach was based on BTS guide-
line which reported that up to 80% of pneumothoraces
smaller than 15% have no persistent air leak [9]. Besides,
there appears to be more technical difficulty for physi-
cians to aspirate smaller size pneumothorax. These sub-
jects were thus retrospectively evaluated for the efficacy
analysis out of ethical concern. All patients were admit-
ted before biopsy and hospitalized for post biopsy care
such as monitoring vital signs, severity of pain, degree
of dyspnea or hypoxia, presence of hemoptysis and given
immediate symptomatic treatment accordingly.

The study protocol was approved by the Research Eth-
ics Committee of National Taiwan University Hospital
(No. 201805105DINA). This clinical trial was registered
at clinicaltrials.gov with identifier NCT03724721 on
30/10/2018. Written informed consent was obtained
from each subject before enrolment. The whole research
process was performed in accordance with the Declara-
tion of Helsinki.

Study protocol

The standardized procedure for drainage of pneumotho-
rax by vacuum bottle is described in the Fig. 1 and next
section. To avoid rapid intrapleural pressure change and
suction trauma, we made sure the flow rate of air drain-
age was slow by keeping the air bubble in one straight
line throughout the procedure (Additional file 1: Video
S1).

The decision making was based on the treatment
algorithm in Fig. 2A. The flow chart of enrollment was
presented in Fig. 2B. Patients with either smaller pneu-
mothorax only visible on CT or large pneumothorax and
unstable vital signs were excluded. Patients with pneu-
mothorax size smaller than 15% and stable vital signs
received oxygenation only and were closely monitored
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Fig. 1 A schematic diagram of how vacuum bottle plus non-tunneled catheter air drainage and end-expiration intrapleural pressure were

by image once daily. In participants with pneumothorax
equal to or larger than 15%, symptomatic participants are
recommended to have vacuum bottle assisted aspiration
for symptom relive while asymptomatic patients would
have shared decision making before intervention.

Procedure protocol

After obtaining inform consent, the patient was placed in
supine position with head of bed at an angle of 30°—45°.
We injected 20 ml normal saline into the vacuum bot-
tle (Sterile bottle 500 ml; Taiwan Biotech Co., Taoyuan,
Taiwan) for visualization of air bubbles. The vacuum bot-
tle was then turned upside down and hung up on a drip
stand at the same level of the patient’s chest, and con-
nected to a drainage set (Disposable infusion set; Per-
fect Medical Industry Co., Ho Chi Minh, Vietnam). We
used chest ultrasound to reassure the presence of pneu-
mothorax below the catheter insertion site, located at
the second intercostal space, by absence of sliding sign
and presence of Barcode sign or Stratosphere sign. The
skin was sterile with chlorhexidine-based solution and
allowed to dry. After local anesthesia, we inserted the
over-the-needle catheter (Surflo® Terumo Medical Co.,
Laguna, Philippines) into pleural space, removed the
needle, and attached the catheter to three-way stopcock
(Discofix®; B. Braun, Melsungen, Germany). We con-
nected the other two ends of the three-way stopcock to
the drainage set and the digital pressure gauge (GiO 6,
JITTO; GaleMed Co., Ilan, Taiwan). The three-way stop-
cock was manipulated to connect the pleural space to

the digital pressure gauge to check intrapleural pressure
at end-expiration. We then manipulated the three-way
stopcock again to connect the pleural space to the drain-
age set to start to drain the pneumothorax with forma-
tion of air bubble in one straight line (Additional file 1:
Video S1). We manipulated the three-way stopcock and
checked intrapleural pressure at end-expiration every
30 s. After no more air could be drained, we checked
intrapleural pressure again and then remove the catheter.
Chest X-rays were checked immediately after the pro-
cedure and on the next day (Additional file 2: Text S1).
If pneumothorax enlarged in size > 15% in the following
chest X-ray, persistent air leakage is considered and a
rescue 8 Fr. pigtail (Hydrophilic drainage catheter; Biote-
que Co., Taipei, Taiwan) would be placed with water seal
system. Daily chest X ray would be arranged until pigtail
could be removed.

Data collection and outcome measure

In the intervention group, the subjects’ baseline charac-
teristics and study parameters were recorded prospec-
tively, including age; gender; underlying disease; chest
X-ray before, immediately after, and on the next day
after the drainage; thoracic procedures (thoracentesis,
echo-guided biopsy, bronchoscopic biopsy, CT-guided
biopsy); and the size of the pneumothorax, as defined
by the Rhea’s criteria. The primary outcomes included
the rate of successful drainage with the definition being
persistent full lung expansion or partial lung expansion
with size less than 15% by the Rhea’s criteria immediately
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Fig. 2 A Initial treatment algorithm of iatrogenic pneumothorax. Needle aspiration: vacuum bottle plus catheter drainage. *Decision was made
by shared decision making. Conservative treatment: oxygenation. B Flow chart of subject recruitment process for this study. *Transient air leak
denotes no further enlargement of pneumothorax after vacuum bottle assisted aspiration or oxygenation only; Persistent air leak represents that
pneumothorax enlarged either after initial management or need further intervention

after, and on the next day of the procedure; and the end-
expiration intrapleural pressure before, at 30-s intervals
during, and at the end of the procedure. The secondary
outcomes included the patient’s discomfort recorded in
the numeric rating scale from 0 to 10 before, during and
after the procedure; and any possible side effects, such as
re-expansion pulmonary edema, hemothorax, and subse-
quent tension pneumothorax.

In the control group, the baseline demographics were
retrospectively collected and recorded in the same way as
the intervention group. In this center, patients who were
receiving oxygenation only treatment for pneumothorax
underwent chest X-ray every day and were not allowed to

be discharged until the chest X-ray showed near total res-
olution of pneumothorax. Because of prolonged admis-
sion that occurred often owning to the requirement of
extra hospitalization such as waiting for other diagnostic
studies or treatments for underlying diseases, the event-
free date was defined as the date when the primary care
team shifted the problem of post-biopsy pneumothorax
from the list of active problems to inactive ones.

A secondary analysis was arranged for further out-
come assessment. Patients in the intervention group were
divided into “transient air leak” group and “persistent air
leak” group. Transient air leak was defined by success-
ful air drainage with vacuum bottle assisted air drainage
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once only. Persistent air leak was defined by continued
enlargement of pneumothorax in the subsequent chest
X-ray follow up that needed further management such as
pigtail placement. In order to compare patients with sim-
ilar sized pneumothorax with the intervention group, a
10% cutting point was made in the control group. A com-
parison of the event-free durations was made between
intervention subgroups and patients with pneumotho-
rax > 10% in the control group.

Statistical analysis

Baseline characteristics are expressed as median with
interquartile range (IQR), mean with standard deviation
(SD), or number with proportion, as appropriate. Contin-
uous variables were compared using Wilcoxon rank-sum
test or Wilcoxon signed-rank test, as appropriate. Cate-
gorical data were compared using the Chi-square test or
Fisher’s exact test. A P<0.05 was considered statistically
significant. All statistical analyses were performed using
STATA version 14 software (StataCorp LLC, College Sta-
tion, TX, USA).

Results

Characteristics of the study cohort

A total of 74 patients were screened, and 21 patients who
met the inclusion criteria and provided informed con-
sent were enrolled as the intervention group. Another
31 patients received oxygenation only and enrolled as

Table 1 Baseline demographics of the study subjects
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control group. Among them, 28 patients had radiograph-
ically obvious pneumothorax but pneumothorax size less
than 15% by Rhea’s criteria and 3 patients had asymp-
tomatic pneumothorax larger than 15% but refused
intervention after shared decision making (Fig. 2). The
baseline demographics of all subjects are summarized
in Table 1. The median age of the subjects was 66.5 (IQR
61-70) years, and 27 of them were male. Among the 52
iatrogenic pneumothorax events, CT-guided biopsy
accounted for 40 events. Only one patient had a previous
experience of pneumothorax, which was also iatrogenic.
In total, 41 patients had lung cancer and 16 of them
underwent rebiopsy for progressive disease. The baseline
characteristics between the intervention group and con-
trol group were similar, except that patients in the control
group were heavier than those in the intervention group
(58.4 kg vs 63.1 kg, P=0.043). However, the body mass
index (BMI) did not statistically differ between the two
groups (22.4 vs 24.6 kg/m?, P=0.061).

Safety analysis

All 21 patients in the intervention group completed vac-
uum bottle assisted air drainage smoothly. The end-expir-
atory intrapleural pressure of all patients remained less
than — 20 cmH,O during drainage (Additional file 2: Fig.
S1). The median time of air removal was 90 (IQR 60-180)
seconds. The median numeric rating scale for discomfort
scores out of 10 before, during (30 s after initiation), and

Total Intervention group Control group p value
(n=52) (n=21) (n=31)
Age, year 66.5(61,70) 64(62,69) 68(59,73) 0.582
Male 27(51.9%) 10(47.6%) 17(54.8%) 0.609
Height, cm 160(152.8,166.8) 158.3(152.6,164.7) 162(152.8,167.3) 0.244
Weight, kg 61.5(55.2,68.7) 584(47.6,64.8) 63.1(57.1,71.6) 0.043
BMI 23.3(21.1,26.3) 22.4(20.6,23.7) 24.6(21.4,27.0) 0.061
Current smoker 18(34.6%) 7(33.3%) 11(35.5%) 1
Procedure
CT-guided biopsy 40 26 0.518
Echo guided biopsy 1
Bronchoscopic biopsy 4 2
Thoracentesis 2
Underlying disease
Lung cancer 41 17 24 0.501
COPD 8 2 6
Asthma 3 0 3
Bronchiectasis 1 0 1
Previous pneumothorax 1 1 0

Data are presented as n (%) or median (interquartile range)

COPD, chronic obstructive pulmonary disease; control group, oxygenation only group
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after the procedure in patients in the intervention group
who were receiving vacuum bottle assisted drainage were
1, 1, and O, respectively (Additional file 2: Fig. S2). No
procedure-related bleeding, infection, re-expansion pul-
monary edema, or mortality was observed.

Efficacy and subgroup analysis

The median size of pneumothoraces were 19.6% (IQR
16-24%) and 8.8% (IQR 6.2—-13.2%) by Rhea’s criteria in
the intervention and control group, respectively. Table 2
showed that there were more proportion of patients with
persistent air leakage in large (>15%) and/or sympto-
matic pneumothoraces as compared to small (<15%) or
asymptomatic pneumothoraces. The odds ratio for per-
sistent air leakage in large and/or symptomatic pneu-
mothoraces as compared to small or asymptomatic
pneumothorax was 12 (95% confidence interval 1.2—
569.7, p<0.05).

Figure S3 (Additional file 2: Fig. S3) showed the recov-
ering course of patients with pneumothoraces who
received conservative treatment only. There was a moder-
ate-to-high positive correlation between pneumothorax
size and length of event-free duration, r=0.72, p<0.05.
There was a dramatic increase of event-free duration with
an intercept at size of 10%. The median length of event-
free duration was 1 day (IQR 1-1 day) and 5 (IQR 3-7)
days in smaller size pneumothorax (< 10%) and larger size
pneumothorax (> 10%), respectively, p <0.05.

In the intervention group, all patients with transient
air leak recovered by vacuum bottle assisted air drain-
age. The median length of event-free duration was sig-
nificantly less than patients with similar pneumothorax
size in the control group, 2 (IQR 1-4) days versus 5 (IQR
3-7) days, p<0.05 (Fig. 3). All patients with persistent air
leak were documented soon after vacuum bottle assisted
air drainage and the pneumothoraces resolved totally by
subsequent small bore pigtail placement. The median
length of event-free duration was comparable with simi-
lar size pneumothorax in the control group, 5 (IQR 5-8)
days versus 5 (IQR 3-7) days, p =0.45 (Fig. 3).

Table 2 Patient outcomes
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Fig. 3 Box plots for comparison of time to event-free duration
between the intervention group and control group. Median
(interquartile range); n = patient number. *Patients with comparable
size of pneumothorax (> 10%) with the intervention group were
included for comparison

Discussion

Through this prospective study, we reported that the vac-
uum bottle plus non-tunneled catheter drainage of pneu-
mothorax is a safe and efficacious procedure. In addition,
we provide a detailed clinical course concerning oxygena-
tion only with watchful waiting and intervention, which
may aid decision-making regarding post procedural
pneumothorax.

Simple aspiration of air or fluid through catheter plus
vacuum bottle has been performed in many hospitals
in Taiwan. Compared with manual drainage, a vacuum
bottle-assisted drainage facilitates continuous removal
of air or fluids, diminishing the necessity of repeated
3-way stopcock and syringe manipulation which could
be annoying and time-consuming during large-volume
thoracentesis [13, 16]. Yamagami et al. evaluated 72 post-
CT guided biopsy pneumothoraxes that required needle
aspiration; the mean volume of air was 527 mL, with the
largest volume being 2700 mL. In a similar study con-
ducted by Faruqui et al,, the mean aspirated air volume

Large and/or symptomatic Small or asymptomatic large p value
pneumothorax pneumothorax
(n=21) (n=31)
Pneumothorax size (%) 19.6 (16,24) 8.8(6.2,13.2) <0.05
Outcome
Transient air leak 15 (71.4%) 30 (96.8%) 0.013
Persistent air leak 6 (28.6%) 1(3.2%)

Data are presented as n (%) or median (interquartile range)
Large pneumothoraces are defined by size > 15% by Rhea’s criteria
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was 680 (200-2000) mL. A 50-mL syringe would require
approximately 10-50 repeated manipulations, which
would be laborious and time-consuming [12, 17].

However, the possibility of large negative pressure
exerted by the vacuum bottle on the pleural space makes
the safety of this procedure a concern [14]. A rapid re-
expansion of the collapse lung may lead to so called re-
expansion pulmonary edema. Although rare, the related
mortality might be as high as 20% [18]. The main fac-
tors contributing to re-expansion pulmonary edema
include collapse of the lung for more than 3 days, use of
negative intrapleural pressure to rapidly re-expand the
collapse lung, and the removal of more than 1 L of effu-
sion [19, 20]. Feller-Kopman et al. suggested that large-
volume thoracentesis is feasible as long as the patient is
symptom-free or the end-expiration intrapleural pressure
is maintained below —20 cmH,O [19]. In this study, the
time from the development of pneumothorax to inter-
vention were all within hours. Besides, the air drainage
flow rate was slow by keeping the formation of air bub-
ble in one straight line throughout the procedure. Lastly,
by intermittently monitoring intrapleural pressure during
negative pressure drainage, we proved that the vacuum
bottle-assisted drainage is safe, and the end-expiratory
intrapleural pressure remained less than 20 c¢cmH,O
throughout the procedure (Additional file 2: Fig. S1) [21].

In the current cohort study, 15 out of 21 (71.4%)
patients achieved lung expansion by vacuum bottle plus
non-tunneled catheter drainage, with the remaining 6
(28.6%) patients requiring pigtail catheter drainage as a
rescue. This finding is comparable with previous studies,
which reported a lung expansion rate of approximately
57.1-94.1% by manual needle aspiration [1, 9-12, 17].
The median event-free period in this study was 2 (IQR
1-4) days in the vacuum bottle plus non-tunneled cath-
eter drainage only group. This finding is compatible with
previous studies, wherein the median hospital duration
ranged from 1 to 5 days (Additional file 2: Table S1) [10—
12, 17, 22]. The event-free duration was almost equal to
that in the subgroup of patients in the oxygen only group
with size of pneumothorax less than 10% and shorter
than that in patients with larger size of pneumothorax
in this cohort. Moreover, all patients who required sub-
sequent pigtail placement achieved full lung expansion
in this study, with an event-free period of 5 (IQR 5-8)
days, which was comparable to the event-free duration
of 6-7 days with primary tube thoracostomy reported in
previous studies [10, 12].

In this study, discomfort measurement before, during,
and after the procedure was recorded as a very low score.
Most patients reported no increased procedure related
discomfort, except for minimal pain while receiving the
local anesthesia injection before catheter placement. A
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similar result was reported by Farugqi et al., and the mean
pain scores for simple aspiration and intercostal tube
drainage were 1.6 and 4.0 respectively [17]. Moreover,
the lack of indwelling catheter not only alleviated the
irritable sensation that occurred owning to the presence
of a foreign body object inside the body, which enabled
patients to mobilize freely without limitation or fear of
tube dislodgement, but also reduced the clinical burden
of tube care on the nursing stuff and the medical costs
[23]. Finally, no complication occurred in patients who
underwent vacuum bottle plus non-tunneled catheter
drainage in this study. Hence, we can conclude that vac-
uum bottle plus non-tunneled catheter drainage, similar
to previously reported manual simple air aspiration, is a
safe and efficient procedure (Additional file 2: Table S1)
[10-12, 17, 22].

Unlike other previous studies, we also evaluated the
clinical outcomes of the patients in the oxygenation only
group and found that the event-free duration differed
dramatically with the size of pneumothorax, consider-
ing 10% as the cut-off point (Additional file 2: Fig. S3).
We also found that patients with transient air leak had
shorter event-free duration after vacuum assisted air
drainage as compared to control group with comparable
size of pneumothorax. In addition, vacuum assisted air
drainage aid in identifying persistent air leak. After sub-
sequent management, the event-free duration was simi-
lar to control group (Fig. 3). Thus, we suggest that initial
management may entail simple aspiration by a chest spe-
cialist, because it may not only reduce the duration of
hospital stay and medical costs but also help determine
the next treatment action, especially in patients with
pneumothorax size larger than 15%.

This study has several limitations. First, we did not per-
form a head-to-head comparison between catheter plus
vacuum bottle-assisted air drainage and manual nee-
dle aspiration. Besides, a retrospective comparison may
preclude validation of the data presented. A direct pro-
spective randomized controlled trial may be required to
overcome the limitation in the future. Second, this study
was conducted in a single center and with predomi-
nantly CT-guided biopsy induced pneumothorax, which
may prevent generalization of the findings. Third, there
is no universal method for pneumothorax size measure-
ment. In addition, all these measurements are based on
chest radiography, a 2-dimensional imaging modality,
which may show disagreement on size of pneumothorax
from each other. Further, the pleural line did not appear
smooth in most patients, which could render the calcula-
tion incorrect for formulas that use only one parameter,
such as Light’s formula or the interpleural distance at the
hilum level considered by the British Thorax Society. This
study adopted Rhea’s criteria, as we consider 3 sites of
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distance measurement for calculation, which suits most
cases of lung collapse with varying shapes of pleural line.
More accurate evaluation methods such as CT imaging
may be considered and a universal consensus may be
required, especially in asymptomatic patients with sub-
jective large pneumothorax. Finally, the results of the
current study can be applied only in patients with stable
vital signs and not in those receiving positive mechani-
cal ventilation. It may not be applied to patients with
idiopathic pulmonary fibrosis or other interstitial lung
diseases as the course of pneumothorax may be different
in such underlying conditions [24].

Conclusion

Through this prospective cohort study, we proved that
vacuum bottle plus non-tunneled catheter air drainage is
a safe and efficacious air drainage method. It is associated
with a short hospital stay, less patient discomfort, and
reduced medical costs; moreover, this procedure could
help determine the necessity of further management.
It may be considered as an alternative option in stable
patients with symptomatic post-procedural pneumotho-
rax or pneumothorax size larger than 15%, as measured
by Rhea’s criteria.
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drainage. To avoid rapid intrapleural pressure change and suction trauma,
the flow rate of air drainage was slow and air bubbles were kept in one
straight line throughout the procedure.

Additional file 2: Text S1. Procedure protocol with illustrating figures.
Fig. S1. Pressure-time curve of end-expiratory intrapleural pressure
measurement during air drainage by vacuum bottle plus non-tunneled
catheter in 21 patients. Fig. S2. Box plots in combination with scattered
dot plots for participants’discomfort in the numeric rating scale of 10
recording before, during and after the procedure. Fig. S3. Scatter plots
of time to event-free duration to pneumothorax size in control group.
Table S1. Comparison of studies employing simple air aspiration in
patients with iatrogenic or traumatic pneumothoraces.

Acknowledgements

We thank the staff of Department of Medical Research, National Taiwan
University Hospital Hsin-Chu Branch for their assistance in statistical analysis
and figures editing.

Author contributions

SYC and YWK participated in data collection and analysis. YWK and HDW
provided materials and technical support. SYC, YWK, CCH, HDW, HCW
participated in critical discussion of research design and thorough review of
the manuscript. SYC and YWK contributed to the conception and design of

Page 8 of 9

the study and wrote the manuscript. All authors read and approved the final
manuscript.

Funding

This study received funding from National Taiwan University Hospital with
award number: 108-N4357. The authors received no external funding for this
research.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article and its supplementary information files.

Declarations

Ethics approval and consent to participate

The study protocol was approved by the Research Ethics Committee of
National Taiwan University Hospital (No. 201805105DINA). This clinical trial was
registered at clinicaltrials.gov with identifier NCT03724721. Written informed
consent was obtained from each subject before enrolment. The research is
performed in accordance with the Declaration of Helsinki. All methods were
carried out in accordance with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Internal Medicine, National Taiwan University Hospital Hsin-
Chu Branch, Hsinchu, Taiwan. “Department of Integrated Diagnostic and Ther-
apeutics, National Taiwan University Hospital, No. 7, Chung-Shan South Road,
Taipei 10002, Taiwan. *Division of Pulmonary Medicine, Department of Internal
Medicine, National Taiwan University Hospital, Taipei, Taiwan. *Department

of Medicine, National Taiwan University Cancer Center, Taipei, Taiwan.

Received: 23 March 2022 Accepted: 27 May 2022
Published online: 07 June 2022

References

1. Loiselle A, Parish JM, Wilkens JA, Jaroszewski DE. Managing iatrogenic
pneumothorax and chest tubes. J Hosp Med. 2013;8(7):402-8.

2. Yoshikawa M, Sukoh N, Yamazaki K, Kanazawa K, Fukumoto S, Harada M,
Kikuchi E, Munakata M, Nishimura M, Isobe H. Diagnostic value of endo-
bronchial ultrasonography with a guide sheath for peripheral pulmonary
lesions without X-ray fluoroscopy. Chest. 2007;131(6):1788-93.

3. Huang CT, Tsai YJ, Ho CC, Yu CJ. Radial endobronchial ultrasound-guided
transbronchial biopsy for peripheral pulmonary malignancy: biopsy- or
brushing-first? BMC Pulm Med. 2019;19(1):193.

4. Guo YQ, Liao XH, Li ZX, Chen YY, Wang SD, Wang JH, Liao XS, Luo Y. Ultra-
sound-guided percutaneous needle biopsy for peripheral pulmonary
lesions: diagnostic accuracy and influencing factors. Ultrasound Med Biol.
2018;44(5):1003-11.

5. Jarmakani M, Duguay S, Rust K, Conner K, Wagner JM. Ultrasound versus
computed tomographic guidance for percutaneous biopsy of chest
lesions. J Ultrasound Med. 2016;35(9):1865-72.

6. Huang W, Chen L, Xu N,Wang L, Liu F, He S, Lai T, Chen X. Diagnostic
value and safety of color Doppler ultrasound-guided transthoracic core
needle biopsy of thoracic disease. Biosci Rep. 2019. https://doi.org/10.
1042/BSR20190104.

7. Petkov R, Minchev T, Yamakova Y, Mekov E, Yankov G, Petrov D. Diagnostic
value and complication rate of ultrasound-guided transthoracic core
needle biopsy in mediastinal lesions. PLoS ONE. 2020;15(4):e0231523.

8. LiC,WangD,YangF, SongY,Yu X, Liu B, Jia H, Zhou W. The role of clinical
characteristics and pulmonary function testing in predicting risk of pneu-
mothorax by CT-guided percutaneous core needle biopsy of the lung.
BMC Pulm Med. 2021;21(1):257.


https://doi.org/10.1186/s12890-022-02009-8
https://doi.org/10.1186/s12890-022-02009-8
https://doi.org/10.1042/BSR20190104
https://doi.org/10.1042/BSR20190104

Chen et al. BMC Pulmonary Medicine

20.

21.

22.

23.

24.

(2022) 22:221

MacDuff A, Arnold A, Harvey J. Management of spontaneous pneumo-
thorax: British Thoracic Society Pleural Disease Guideline 2010. Thorax.
2010;65:i18-31.

Domokos D, Szabo A, Banhegyi G, Polgar B, Bari Z, Bogyi P, Marczell I,
Papp L, Kiss RG, Duray GZ, et al. Needle aspiration for treating iatrogenic
pneumothorax after cardiac electronic device implantation: a pilot study.
JInterv Card Electrophysiol. 2020;57(2):295-301.

. Parlak M, Uil SM, van den Berg JW. A prospective, randomised trial of

pneumothorax therapy: manual aspiration versus conventional chest
tube drainage. Respir Med. 2012;106(11):1600-5.

Yamagami T, Kato T, Hirota T, Yoshimatsu R, Matsumoto T, Nishimura T.
Duration of pneumothorax as a complication of CT-guided lung biopsy.
Aust Radiol. 2006;50(5):435-41.

Beech RD. Practical system for thoracentesis using the blood donor set. J
Am Med Assoc. 1951;146(17):1597.

Senitko M, Ray AS, Murphy TE, Araujo KLB, Bramley K, DeBiasi EM, Pisani
MA, Cameron K, Puchalski JT. Safety and tolerability of vacuum versus
manual drainage during thoracentesis: a randomized trial. J Bronchol
Interv Pulmonol. 2019;26(3):166-71.

Rhea JT, DelLuca SA, Greene RE. Determining the size of pneumothorax in
the upright patient. Radiology. 1982;144(4):733-6.

Bergmann WB. Technique of thoracentesis. J Am Med Assoc.
1951;147(10):990-990.

Farugi S, Gupta D, Aggarwal AN, Jindal SK. Role of simple needle aspira-
tion in the management of pneumothorax. Indian J Chest Dis Allied Sci.
2004;46(3):183-90.

Verhagen M, van Buijtenen JM, Geeraedts LM Jr. Reexpansion pulmonary
edema after chest drainage for pneumothorax: a case report and litera-
ture overview. Respir Med Case Rep. 2015;14:10-2.

Feller-Kopman D, Berkowitz D, Boiselle P, Ernst A. Large-volume thora-
centesis and the risk of reexpansion pulmonary edema. Ann Thorac Surg.
2007,84(5):1656-61.

Neustein SM. Reexpansion pulmonary edema. J Cardiothorac Vasc
Anesth. 2007,21(6):887-91.

Kaneda H, Nakano T, Murakawa T. Measurement of intrapleural pressure
in patients with spontaneous pneumothorax: a pilot study. BMC Pulm
Med. 2019;19(1):267.

Yamagami T, Nakamura T, lida S, Kato T, Nishimura T. Management

of pneumothorax after percutaneous CT-guided lung biopsy. Chest.
2002;121(4):1159-64.

Thomas GR, Kumar SK, Turner S, Moussa F, Singh SM. The natural his-
tory and treatment of cardiac implantable electronic device associ-

ated pneumothorax-a 10-year single-centre experience. CJC Open.
2021;3(2):176-81.

Yamazaki R, Nishiyama O, Gose K, Saeki S, Sano H, Iwanaga T, Tohda Y.
Pneumothorax in patients with idiopathic pulmonary fibrosis: a real-
world experience. BMC Pulm Med. 2021;21(1):5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Safety and efficacy of vacuum bottle plus catheter for drainage of iatrogenic pneumothorax
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Study design and data collection
	Study protocol
	Procedure protocol
	Data collection and outcome measure
	Statistical analysis

	Results
	Characteristics of the study cohort
	Safety analysis
	Efficacy and subgroup analysis

	Discussion
	Conclusion
	Acknowledgements
	References


